Abstract We conducted a nationwide record-linked study using all English NHS hospital admission data and mortality statistics from 1999 to 2011 to evaluate the risk of concurrent or subsequent bullous pemphigoid (BP) in a cohort of 2,873,720 individuals with malignant cancers, when compared with a reference cohort. We calculated standardised rate ratios (RRs) based on person-years at risk, comparing the observed and expected numbers of BP cases in the cancer cohort with those in the reference cohort. Overall, the cohort of people with a record of a malignant cancer was not found to be at greater risk of concurrent or subsequent BP than the cohort of people without a record of a malignant cancer (RR 0.96, 95 % CI 0.88-1.04), although elevated risks of BP were found in sub-cohorts of people with either kidney cancer, laryngeal cancer or lymphoid leukaemia. We also similarly analysed the risk of concurrent and subsequent malignant cancers in a cohort of people with a principal diagnosis of BP, and again found no increased risk as compared with the reference cohort (RR 1.00, 95 % CI 0.92-1.09).
Introduction
Bullous pemphigoid (BP) is a rare autoimmune bullous skin disease characterised by an autoimmune response to hemidesmosomal proteins within the dermo-epidermal junction (BP180 and BP 230) [7] . There is mixed evidence on whether BP is more common among people with a history of malignant cancer than in those without. Some case control studies have not found significant associations with malignancy [6, 11, 18] . Other studies have found significantly increased risks of cancers as co-morbidity with BP, and some authors have recommended detailed examination and screening for internal malignancy in all patients diagnosed with BP [3, 5, 14, 16] . BP is rare, so large studies are needed to study associations between it and cancers. Most previous studies have, however, been statistically underpowered to report reliably on such associations.
We used a linked national English hospital admission and mortality dataset for all public hospitals in England between 1999 and 2011. The size of our dataset and our methods of analytical modelling allowed us to determine whether BP occurs in individuals with a history of malignancy, more or less often than expected.
Materials and methods

Population and data
The dataset comprised statistical information on all National Health Service hospital day cases and admissions, and on all deaths, in the whole of England from 1st January 1999 to 31 December 2011. The hospital data are from English national hospital episode statistics (HES) supplied by the English national Information Centre for Health and Social Care. The mortality data derive from death certificates and were supplied by the Office for National Statistics. Both sets of data contain diagnosis codes using the International Classification of Diseases 10th Revision (ICD-10). Successive records for each individual were linked together, and the dataset constructed for analysis, by the Oxford record linkage group.
BP in people with cancer
We constructed a cohort of people with a diagnosis of any malignant cancer (the ''cancer cohort'') by identifying the first episode of day case care, or admission, for any malignant cancer during the study period. People were included in the cancer cohort if, first, they had a hospital record containing a diagnosis code within the range ICD-10 C00-C97 specified in the principal position on the hospital record, and, second, they had no prior record of BP. As in previous studies of disease associations by our group [17] , a ''reference cohort'' was also constructed for comparison. This cohort comprised individuals who did not have a record of cancer, whose principal diagnosis at admission was for one of a wide range of reasons listed in the footnotes to Table 2 , and who also did not have a prior record of BP. The reference cohort consisted of conditions known not to have a significant association with either cancer or BP. The individuals in the cancer cohort and reference cohort were then ''followed up'' by searching the database for any record of subsequent, or co-occurring, care for, or death from, BP (ICD-10 L12.0).
Using the same methods as above, we then carried out sub-analyses to determine whether cohorts of people with specific malignant cancers (listed in Table 2 ) had higher rates of BP than expected when compared with the reference cohort.
Statistical methods
Rates of BP in the cancer cohort and the reference cohort were calculated based on person-days of ''follow-up''. Date of entry into each cohort was the date of first admission for the cancer, or reference condition, and date of exit was the date of first record of BP, death, or the end of the study period (31 December 2011), whichever was the earliest. We stratified each cohort by age (in 5-year age groups), sex, calendar year of first recorded admission, region of residence, and quintile of patients' Index of Deprivation score (a standard English measure of socio-economic status), to obtain observed numbers of BP in each stratum of the cancer cohort and the reference cohort. The indirect method of standardisation was then used, taking the cancer cohort and reference cohort combined as the standard population. We applied the stratum-specific rates of BP in the standard population to the person-days in each corresponding stratum of, first, the cancer cohort and, second, the reference cohort, to obtain the expected number of people with BP in each stratum of each of the two cohorts. Expected numbers were then summed across strata to give the 'expected' total number of BP in each of the two cohorts. The standardised rate ratio for BP in the cancer cohort, when compared with the reference cohort, was calculated using the formula ( 2 statistics for significance were calculated as described elsewhere [2] . We applied post hoc Bonferroni corrections for multiple comparisons, where findings were significant at p \ 0.05, to allow for familywise error in the cohort analyses of individual cancers. Continuity corrections, for small numbers, were used.
Cancer in people with BP
We conducted a separate cohort analysis, this time taking people with BP as the principal diagnosis on the record (the ''BP cohort'') and following them up by searching the database for any subsequent, or co-occurring care for, or death from, cancer. By requiring that BP always be the 'principal' diagnosis on the HES record, or, in the case of a death record, the 'underlying cause', we avoided overlap between the co-occurring cases in this analysis and those in the analysis of BP in the cancer cohort (where we required that cancer always be the principal diagnosis or underlying cause). Standardised rate ratios were calculated in the same way as described above, to determine whether the rate of cancer in the cohort of people with BP differed significantly from the rate of cancer in the cohort of people without BP. We compared the BP cohort against the reference cohort to determine rate ratios for 'any' cancer diagnosis within the range ICD-10 C00-C97, and to determine rate ratios for the specific cancers listed in Table 2 .
Results
The cohorts Table 1 shows the number, age and sex distribution of people in the BP cohort and the 'any cancer' cohort. The reference cohort comprised over 5.5 million people, and there were ample people to populate every cell in the model used to produce the stratum-standardised rate ratios.
BP in the cancer cohorts
Altogether, out of 2.87 million people with a principal diagnosis of cancer, 917 also had a diagnosis of BP on either the same or a subsequent record during the study period (Table 2) .
People with a principal diagnosis of cancer were, overall, no more likely than the reference cohort to have a concurrent or subsequent diagnosis of BP: comparison of the two cohorts showed a rate ratio of 0.96 (95 % CI 0.88-1.04) ( Table 2) . Taking significance at p \ 0.05, high rate ratios were found in three cancer sub-cohorts-those comprising people with cancers of the kidney, RR 2.23 (95 % CI 1.48-3.24, p \ 0.001; n = 28); cancers of the larynx RR 2.22 (1.21-3.75, p = 0.004; n = 14); and lymphoid leukaemia, RR 2.27 (1.21-3.89, p = 0.005; n = 13). A marginally low rate ratio was found when considering one individual cancer cohort-that which comprised people with breast cancer, RR 0.77 (0.60-0.98, p = 0.04; n = 71). After applying a post hoc Bonferroni correction for multiple comparisons, by dividing the 0.05 level of significance by the number of cancer types studied (0.05/31 = 0.0016), only the rates of BP in people with kidney cancer remained significantly high when compared with the reference cohort.
Cancers in the BP cohort
In the cohort of 4,720 people with a principal diagnosis of BP, 502 had a concurrent or subsequent record of a malignant cancer (C00-C97) during the study period (Table 2) .
Comparing the BP cohort with the reference cohort, the RR for concurrent or subsequent malignant cancer was 1.00 (95 % CI 0.92-1.09), showing no overall significant association. Taking significance at p \ 0.05, the BP cohort differed from the reference cohort in relation to only one individual cancer-lymphoid leukaemia-where the rate ratio was 1.91 (95 % CI 1.15-2.99, p = 0.007, Table 2 ). After Bonferroni correction for multiple comparisons, this RR ceases to be statistically significant.
Discussion
Principal findings
We find no overall association between cancer and BP on a population level.
With 4,720 BP cases and 2,873,720 cancer cases in our initial cohorts, this is a very large epidemiological study of the relationship between BP and cancer. This is particularly important given the rarity of BP, which has an incidence of 4.3/100,000 person-years [9] . Even in our national study, statistical power in relation to some of the analyses of individual cancers was fairly weak. However, we report the results in detail both for the record and in the hope that they may be useful to investigators studying the pooled world literature on individual cancers and BP in either systematic review or meta-analysis. one hand, the Bonferroni correction makes allowance for multiple comparisons. On the other, it risks dismissal of real associations simply because it sets the bar so high that, in analyses of small numbers (as with lymphoid leukaemia and laryngeal cancer), there is no power to attain the very high levels of significance required after correction.
We can only speculate on the potential mechanism for the association between BP after kidney cancer. It might be that certain treatment regimes for kidney cancer or pathology relating to the kidney itself might predispose to BP. Case-control studies and case reports suggest that certain renally acting drugs like loop diuretics [12] , ACE inhibitors [15] and spironolactone [1] , are associated with the development of BP. Potentially renotoxic drugs like non-steroidal anti-inflammatory drugs [4, 8] have been reported to be associated with BP. There have also been case reports of BP in renal transplant patients [10] . Due to privacy regulations, unfortunately, we cannot seek access to details of treatment regimes from patient notes.
Cancers in the BP cohort
Comparing the rates of 31 individual cancer types in the BP cohort with those in the reference cohort, we did not find significantly high or low rate ratios in respect of any cancer after correcting for multiple comparisons.
A recent study showed an increased risk of cancer in patients with BP who are treated with immunosuppressive agents like azathioprine, cyclophosphamide, cyclosporine or mycophenolate mofetil, when compared to BP patients treated with systemic corticosteroids only [13] . However, the cancers most associated with immunosuppression are those of the skin and lymphomas [20] . We do not see this pattern, although the rate ratio for lymphoid leukaemia, which is statistically high before correcting for multiple comparisons, at the level of p = 0.007, cannot be dismissed entirely as a chance finding.
Relation to previous work
In Britain, a small case-control study of 84 BP patients found increased malignancy risk based on 15 individuals with cancer in the BP group [19] . Increased risks have also been seen in a Polish population in 110 BP patients [3] . However, much of the previous work on this subject has been carried out in Japan. To date, the largest study comprised a total of 1,113 BP patients in Japanese hospitals [16] . It reported a significantly increased chance of contracting cancer after BP, and concluded that screening for internal malignancy is essential for all patients with BP. These increased risks were corroborated in another Japanese study of 204 BP and PV patients [5] . Differences between British and Japanese populations, for example in relation to lifestyle, environment or genes, might account for the difference between our results and those of the Japanese studies.
Strengths and weaknesses
Our results rely on the accuracy with which autoimmune bullous skin disorders and cancers are diagnosed in hospital practice and coded in routine hospital administrative datasets. We had no access to original clinical records or to laboratory confirmation or disease severity, anatomical location or clinical presentation. Our study was limited to patients who had an episode of hospital day case care or admission in a public hospital in England or who died within the study period. These patients might differ systematically in terms of cancer risk when compared to patients with milder episodes not warranting hospital admission. None the less, we suggest that this is an unlikely source of bias, because, if there is a true cancer risk, it seems likely that, if anything, it would be higher in patients with serious enough bullous disease to warrant hospital care. In studies that have considered this, no associations have been found between cancer risk and circulating antibody titre levels or extent of mucosal involvement [16] or severity of BP [5] .
Our dataset, though large, is fairly modest in the range of variables it includes. Our conclusions should be regarded as speculative rather than definitive. However, the overall rate ratios, both when looking at the rate of cancer in people with BP and at the rate of BP in people with cancer, are very close to 1, with moderately narrow confidence intervals. The effect of any important unmeasured confounders, should they exist, would have to be equal and opposite to any true degree of positive or inverse association.
Conclusion
Contrary to some previous studies, we find no evidence of increased risk of BP in people with cancer overall, and no evidence of increased risk of cancer overall in people with BP. We do, however, find an increased risk of BP in people who have one of a few specific cancers, most notably renal cancer. The suggestion that people with BP in European countries, or populations of European origin, should be selectively screened for cancer needs further evidence to determine whether it is warranted.
